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Coordination compounds of copper(Il) sulphate with 2-, 3- and 4-
cyano-pyridines and anilines have been synthesized and characterized
on the basis of analytical data, molecular conductance, magnetic sus-
ceptibilities, electronic and infrared spectral measurements. Tentative
coordination numbers and stereochemical environments around cop-
per(I1) are discussed in each case.

INTRODUCTION

Coordination compounds formed by copper(lI) sulphate with aniline
and its derivatives have been the subject of earlier investigations!->. The
present communication describes the coordination compounds formed by
the interaction of copper(ll) sulphate with 2-, 3- and 4- cyano- pyridines
and anilines. The importance of cyanopyridines and cyanoanilines lies in
their relevant role in various biological processess-!! and their use in the
synthesis of commercial dyes and thermally stable polymers!2. Various
model studies have shown that metal complexes of biologically active
ligands are more effective than the free ligands.

EXPERIMENTAL

2-, 3- and 4- cyanopyridines and anilines were purchased from
M/s Ega Chemie, West Germany, and used as such. The copper(Il)
sulphate complexes were prepared by mixing together hot solutions of the
copper(I) sulphate (10 mmol in 20 ml methanol) and the respective
ligand (40 mmol in 10 ml methanol). The complexes which crystallized
out or precipitated immediately were suction-filtered, washed with
methanol and dried in'an air oven at ca 60°C. (Yield ca 80-85% but in
case of 2- cyano- derivatives yield is 10%). Copper content was determined
gravimetrically as oxinate after destroying the organic moiety first with
concentrated nitric acid and then with concentrated sulphuric acid.
Sulphate was estimated as BaSO, gravimetrically. Carbon, hydrogen and
nitrogen contents in the complexes were determined by microanalysis.

RESULTS AND DISCUSSION

The copper(II) compounds isolated in the present study, their analytical
data, molar conductance data, room temperature magnetic moment
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values, observed bands in the electronic spectra and the characteristic
infrared absorption bands due to vCN, vNH and the sulphato modes are
listed in Tables 1 and 2. All the compounds isolated are quite stable and
are insoluble or partially soluble in ethanol and methanol. Except for the
2-cyanopyridine complex, they are fairly soluble in dimethylformamide
in which solvent they behave as non-electrolytes!? (dy = 1-3 0! cm?
mole~!) suggesting appreciable covalent character of the compounds.
Insolubility of these compounds in molten camphor and biphenyl precluded
their molecular weight determinations. Comparison of the infrared spectra
of the copper(Il) sulphate complexes with those of the corresponding
uncoordinated ligand spectrum facilitated the assignment of bands due to
sulphato groups. Strong bands due to sulphato groups in the range 1300-
1000 ml-! superimposed and masked some of the bands due to organic
moiety. No absorption bands were observed which could be attributed
to water or ethanol in the infrared spectra of these compounds thus
establishing them to be anhydrous and free from coordinated or lattice
water/ethanol.

Cyanopyridines and anilines possess two potential donor sites:
(i) pyridine ring nitrogen in cyanopyridines or the NH; nitrogen in
cyanoanilines, and (ii) the nitrile group. Further, the cyano group may be

TABLE 1

ANALYTICAL, MAGNETIC MOMENTS AND ELECTRONIC
SPECTRAL DATA
Copper % Sulphate Molar Electronic spectral
Compound Colour found % found conductance (é“}'\,‘l ) bands and assign-
(Caled.) (Calcd.) (Q-'cm?mole-t) V7™ ments (cm™')

1Blg-—>zAlg zBlg"‘)’Eg

Cu(2-CP):SO. Blue  17.3 26.0 Insoluble 148 11000 13160
(17.2)  (26.1)

Cu(3-CP);SO. Light 17.3 26.3 03 1.48 11160 13070
blue  (17.2) (26.1)

Cu(4-CP);SO, Blue 17,0 26.3 03 0.99 11050 13605

(172)  (26.1)
1Blg—>2Alg ’Blg~>’Bzg

Cu(2-CA)0.sSO4 Light  29.0 44.5 01 2.00 10000 12505
green (28.9) (44.0)
Cu(3-CA);SO4 Green 16.1 24.6 01 2.04 10080 12500
(15.9) (24.3)
2A[>E”
Cu(4-CA);SO4 Green 12,4 19.1 01 2.07 12000

(12.3) 18.7)

CP = Cyanopyridine, CA = Cyanoaniline.

Asian J. Chem.



I. S. AHUJA, SHAILENDRA TRIPATHI AND C. L. YADAVA 231

TABLE 2
INFRARED SPECTRAL DATA (cm~')
vC=-C Ring Coordinated sulphato modes
Compound CN -GN vibrations 5
. 2 V3 Va
2-CP 2236 1582 990
1560 652
397
3-CP 2230 1586 970
1558 628
391
4-CP 2243 1597 995
1550 665
368
Cu(2-CP),S0, 2230 1660 1040 985 455 1162 650
1600 670 1100 620
412 1045 605
Cu(3-CP).SO, 2238 1645 1020 990 475 1182 655
1605 675 1086 645
430 1020 595
Cu(4-CP):SO4 2238 1650 1020 995 475 1184 635
1612 675 1075 615
410 1020 600
VasymNH VsymNH
2-CA 2240 3440 3360
3-CA 2240 3440 3360
4-CA 2242 3440 3362
Cu(2-CA).sS0s 2240 3280 3210 980 470 1140 630
1050
Cu(3-CA),SO4 2238 3260 3220 990 420 1165 645
1102 600
1012 585
Cu(4-CA)S0O. 2240 3270 3230 970 445 1165 650
: 1105 605
1025 585

involved in coordination through either (i) the cyano nitrogen on account
of its available electron pair, or (ii) the triple bond or =-electrons. More-
over, the 2-cyano- derivatives may act as (i) monodentate ligands bonding
via pyridine ring/NH, nitrogen, or the nitrile nitrogen, (ii) bidentate
chelating ligands bonding through both the sites simultaneously to the
same metal ion, or (iii) bidentate bridging ligands. It should be possible
to distinguish between the likely modes of metal-cyanopyridine/cyano-
aniline bonding using infrared spectroscopy by observing the effect that
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the coordination has on (i) the C = N stretching vibration of the nitrile
group, and (ii) the variations of (a) the pyridine ring vibrations in
cyanopyridines, or (b) NH stretching modes in cyanoanilines. Coordi-
nation through nitrogen of the nitrile group invariably results in an
increase in VCN by at least 30 cm~! which is attributed to an increase in
the CN stretching force constant which in turn is due to an increase in
the strength of CN o-bond!*-!7, A decrease in vCN has been interpreted
as resulting from the involvement of the cyano group through its triple
bond!8-20,

Rock salt region as well as low frequency infrared spectra of the
copper(Il) sulphate complexes with 2-, 3- and 4-cyanopyridines studied
in the present investigations indicate clearly that the cyanopyridines are
coordinated to copper(Il) via their pyridine ring nitrogen only. In all the
cyanopyridine complexes VCN of the uncoordinated ligands remains
almost unaffected. This strongly suggests that the cyano group of these
ligands does not participate in coordination, thereby, indicating that the
pyridine ring nitrogen is more basic than the nitrile nitrogen. The fre-
quencies of vC==C and vC===N vibrations of the aromatic ring have been
previously used to assign the coordination site in metal-cyanopyridine
complexes. Coordinated pyridine is usually distinguished?-2* from the
free base by a shift in the strong bands at 1580 cm~! to ca 1600 cm~! and
601 cm~! and 403 cm~! bands to ca 625 and 420 cm~!, respectively.

In all the copper(II) sulphate complexes with cyanoanilines the vCN of
the uncoordinated ligands remains essentially unchanged thus suggesting
that the cyano group of these cyanoanilines does not participate in
coordination. In the uncoordinated cyanoanilines the NH asymmetric
and symmetric stretching vibrations occur at 3440 and 3360 cm-!,
respectively. In all the copper(Il) sulphate complexes these bands occur
at ca 150 cm~! lower than the corresponding ones in the uncoordinated
cyanoanilines. This shifting of the NH stretching bands to lower energies
may be attributed% 32526 to the weakening of the NH bonds resulting
from the drainage of electron density from the nitrogen atom on account
of its coordination to copper(Il). It is thus clear that the cyanoanilines
are present exclusively as terminal NH, bonded monodentate ligands in
all the copper(II) sulphate complexes and that the NH; nitrogen is more
basic than the nitrile nitrogen.

It may be pointed out that the introduction of a cyano group, an
electron withdrawing group, at 2-, 3- and 4- positions in the pyridine
ring (cyanopyridines) or at 2-, 3- and 4- positions in the benzene ring
(cyanoanilines) lowers the electron density of the donor nitrogen atom
with a substantial decrease in their pK, values?”- 28 (Table 3). In particular,
the effect of substitution at 2- position upon the base strength is anoma-
lous as compared with 3- and 4- positions. This may be a reflection of
such factors as effective charge on the donor nitrogen atom, change in
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TABLE 3

pKa VALUES OF PYRIDINE, ANILINE AND THEIR CYANO
DERIVATIVES?7:28

Compound pKa o v 7 mCompound pKa
Pyridine 523 Acsiline 462
2-Cyanopyridine —0.26 2-Cyanoaniline 0.95
-3-Cyanopyridine 1.36 3-Cyanoaniline 2.81
4-Cyanopyridine 1.90 4-Cyanoaniline 1.75

the HNH bond angle (in the case of cyanoanilines) and of course the
mechanical anharmonicity on 2-position. Hence the metal-ligand bonds
in cyanopyridine complexes are expected to be much weaker compared
with the corresponding unsubstituted ligands. From a consideration of
the pK, values (Table 3) one can predict the relative magnitude of metal-
ligand bond strength as: '

Pyridine > 4-cyanopyridine > 3-cyanopyridine » 2-cyanopyridine;

Aniline > 3-cyanoaniline > 4-cyanoaniline > 2-cyanoaniline,
With respect to metal-ligand =-bonding contribution, the decreased
electron density on the ring nitrogen in pyridine caused by cyano sub-
stitution at different positions is expected to favour the back-donation of
w-electron density from the metal.

The observed room temperature magnetic moment values of the
copper(Il) sulphate complexes with cyanopyridines are sub-normal and
are in the range 0.99-1.40 B.M. This may be attributed to some sort of
association occurring either through the metal-metal bonding or by
magnetic interaction operating through the orbitals of bridging atoms®,
On the other hand, the p. values of the cyanoaniline complexes (2.00-
2.07 B.M.) lie within the range normally expected for copper(II) complexes
with an orbitally non-degenerate ground state3®, The slight increase from
the spin-only value (1.73 B.M.) may be probably because of strong Jahn-
Teller distortion operative in copper(II) complexes.

The d° configuration of copper(Il) with a 2D free ion term is split in
a regular octahedral field into a lower doublet E; level and an upper
- triplet Ty, level and hence only one spin-allowed transition should result.
However, crystal field theory predicts a much larger distortion from cubic
symmetry for octahedral copper(II) complexes. Hence the ground state,
being Jahn-Teller unstable, shows further splitting of the E; and T,
levels into Byg, Aj; and By, E; levels, respectively, so that even in a
complex with six identical donors a regular octahedral configuration is
not achieved and the six-coordlnate copper(Il) complexes have either Dy,
or C4, symmetry.

Vol. 2, No. 3 (1990)



234 Cu(11)SO, COMPLEXES WITH 2-, 3- AND 4-CYANOPYRIDINES AND ANILINES

Electronic spectra of the blue copper(ll) sulphate complexes with
cyanopyridines show a strong absorption band at ca 13000 cm-! with a
shoulder at ca 11000 cm~! consistent with distorted square planar con-
figuration about the copper(Il) ions®32. Assuming Dy, symmetry for the
cyanopyridine complexes, the main band and the shoulder may be
assigned to the 2By, — 2E, and 2B, — ?A,, transitions, respectively.
Because of its low intensity the transition 2B;; — 2B, is not observed as a
separate band in a distorted planar configuration,

The electronic spectra of copper(ll) sulphate complexes with 2- and-
3-cyanoanilines exhibit a very broad band at ca 12500 cm~! suggesting
a distorted octahedral stereochemistry3* around copper(II). Though three
transitions are expected for copper(Il) complexes having such distorted
octahedral configurations,®® these transitions are very close in energy and
often appear in the form of a broad band envelope.3¢ The high energy
broad band at ca 12500 cm~! observed in the copper(ll) sulphate com-
plexes with 2- and 3- cyanoanilines is assigned to the super-imposed
transitions 2B, — 2B,, and 2B, - 2E, while the other absorption occur-
ring as a weak shoulder (ca 10000 cm~!) on the lower energy side
(Table 1) is assigned to the transition 2B;; — 2A;, in distorted octahedral
stereochemistry of copper(Il) with an approximately C,;, symmetry.
Electronic spectrum of the 1: 3 copper(ll) sulphate complex with 4-cyano-
aniline complex exhibits a single broad band at 12000 cm~!. The position
of this band is characteristic of 5-coordinated trigonal bipyramidal geo-
metry around copper(ll) rather than square pyramidal. It may be pointed
out that square pyramidal®*#! geometry around copper(Il) is characterized
by a broad band and a shoulder in the 17000-15000 cm-!' and ca
12000 cm~! regions, respectively®?#, Assuming Dj;, symmetry for the
complex the band at 12000 cm~! observed in the present complex may be
assigned as 2A; — 2E” transition consistent with trigonal bipyramidal
geometry around copper(II).

The free sulphate ion has a highly symmetrical structure. It is tetra-
hedral, having T, symmetry and as such has nine vibrational degrees of
freedom giving rise to four fundamental vibrations, all of which are Raman
active, but only two, both triply degenerate, v; the asymmetric stretching
vibration and v4 the asymmetric bending vibration, are infrared active.
v; the symmetric stretching vibration is theoretically infrared inactive but
is generally observed as a weak absorption at ca 980 cm~!. It becomes
very weakly allowed in the infrared spectra of ionic solid sulphates owing
to site symmetry effects but is absent in the spectra of sulphates in
aqueous solutions. Upon coordination, the symmetry of the sulphate
group is lowered; v, and v, modes become infrared active and splitting of
bands due to v; and v4 takes place. The observed bands for the free,
unidentate and bidentate bridging sulphato groups have been discussed
and correlated with changes in the symmetry of the sulphate group.%
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However, it has been shown that perturbations in the crystal may produce
reduced symmetry even when no deviations from the tetrahedral structure
of the sulphate group can be detected. The highest frequency band in
complexes containing a bidentate bridging sulphato group has been
assigned by Nakamoto et al*¢ at ca 1170 cm~!. A similar band at ca
1220 cm~! has been observed by Barraclough and Tobe*’ in the sulphato-
bisethylenediaminecobalt(II) salts in which the sulphate group is con-
sidered to be bidentate chelating. The band at ca 1220 cm~! has been
considered as an evidence for a bidentate chelating sulphato group.

Infrared spectrum of the copper(Il) sulphate complex with .2-cyano-
aniline shows a strong broad absorption band at 1140-1050 cm-!
(masking the ligand bands in this region) and a medium intensity band
at 630 cm~!, Since such bands are not observed in the uncoordinated
2-cyanoaniline they are, therefore, identified as v; and v4 modes, respec-
tively, due to coordinated sulphato groups characteristic of T4 symmetry.
Moreover, a medium intensity band is also observed at 1000 cm~! due to
v, vibration of the sulphate group. Although infrared forbidden in the
sulphate spectrum with Ty symmetry v, has been reported as a weak band
at ca980 cm~! in the spectra of ionic solid sulphates owing to site
symmetry effects but is absent in the spectra of sulphates in aqueous
solutions. Besides v, v3 and v4 of the sulphate groups with T4 symmetry
the v, appears as a medium intensity band at 470 cm~! in the low fre-
quency infrared spectrum of this complex. From a consideration of the
frequencies due to coordinated sulphate groups (Table 2) it appears that
a regular coordination by all the oxygens of the sulphate group occurs
and that the sulphate groups retain an essentially Ty symmetry4s. This
fact combined with the terminal —NH, bonded 2-cyanoaniline, the
electronic spectral bands and the magnetic moment value it is suggested
that the complex possesses a highly polymeric structure with an octa-
hedral environment around copper(Il) in the solid state.

Infrared spectra of the 1 : 2 copper(ll) sulphate complexes with 2-, 3-
and 4-cyanopyridines clearly indicate the presence of coordinated sulphato
groups. These complexes exhibit bands at ca 980 cm~! (v;), ca 480 cm~!
(v2), ca 1160, 1080, 1020 cm~! (v;) and ca 650, 620, 600 cm~! (v4) con-
sistent with bidentate bridging sulphato groups*’:46, From a consideration
of their room temperature magnetic moment values and electronic
spectral bands these complexes are assigned binuclear structures with
bidentate bridging sulphato groups and terminally pyridine ring nitrogen
bonded cyanopyridine molecules involving square planar [Cu(L;)O;]
moieties in the structure and an overall symmetry lower than Dy,
(structure 1).

In addition to the ligand bands infrared spectra of the 1:2 and 1:3
copper(ll) sulphate complexes with 3- and 4- cyanoanilines, respectively,
exhibit bands at ca 990 cm~! (v{), ca 420 cm~! (v;), ca 1165, 1105, 1020
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cm=! (v;) and ca 650, 600, 585 cm~! (v4) consistent with the presence of
bidentate bridging sulphato groups*5:46, From a consideration of the room
temperature magnetic moment values, electronic spectral bands and the
bidentate bridging nature of the sulphato groups (i) the 1:2 copper(II)
sulphate complex with 3-cyanoaniline is assigned a polymeric, six-coordi-
nated structure with octahedral environments of two terminally aniline
NH> nitrogen bonded cyanoaniline molecules and two oxygen atoms of
the bidentate bridging sulphato groups, and (ii) the 1:3 copper(Il)
sulphate complex with 4-cyanoaniline is assigned a dimeric, five-coordi-
nated structure with trigonal bipyramidal environment of two oxygen
atoms from sulphato groups and three terminally bonded (NH,) nitrogen
atoms of the 4-cyanoaniline molecules around each copper(Il) in the
solid state (structure 2).

o, P
\~§/
L o/ \o L
\Cu/ \Cu/
T o N
N/
N
o'/ o)
(1)
L
|/*

(2)

Fig. 1 Structure of Cu(L2)SO«(L=2-CP, 3-CP and 4-CP)
Fig. 2 Structure of Cu(4-CA):SO.
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